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FOREWORD

This veport was prepared by Pioneer Parachute Company, Manchester,
Connecticut, on USAF Contract No. 33(038)-10401, The contract was
initiated under Research and Development Order No, 612-12, "Textiles
for High Speed Parachutes", and was ndministerad under the direction
of the Materials Laboratory, Directorate of Research, Wright Air
Develoyment Center, with Mr, W, A, Corry acting as mroject engineer,
assisted by Mr, J, H. Ross.

We are grateful to the Cheney Brothers, and Mr, Max Schmidhauser,
for their cooperation in the study and for the help given in the formic
acid treatment of nylon yarns,

We are also grateful to Mr, C, S, Kowalski who handled whirling
tower tests, ouwachute packing, etc., and Mr, C. R, Miller, who inter-
pretad and evaluated the tensiometer film data for the Pioneer
Parachute Compary.
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ABSTRACT

The purpose of this investigation was the study of suspensi\ln
lines under actual oversting conditions, having varying degrees of
elongation, energy absorption and elasticity. A secondary purvose
of the investigntion was the study of fabric porosity, shape and
tyme of canowy, and method of parachute deployment.

A o ) ST N T T

The shock absorbing cavacity of five different types of parachute
susvension line cord werc first evaluated for basic physical vroperties,
then were tested by assembling into parachutes and ovening the parachute
at various speeds - first at 100 mph, then 150 mph, finally 200 muh -
on a vhirling test tower., The parachutes wers evaluated first in
standard back type, then in depioyment bag openings. Two types of
parachutes were usec; one being a twenty four foot standard perachute,
the other being a 30 foot parachute, with an extended skirt,

The loads were measured and the cords evaluated on the basis of
shock absorbing capecity, strength, and curability. Final results
of the work indicates that the mresently used 550 1b tersile strength
cord, Svecification MIL-C-5040, Type III, is the best of the cords
evalu~ted. A good correlation was established between line-energy
avsorption anc snatch force, but opening shock loads aprear to be
i1ittle affected by line characteristics.

PUBLICATION APFROVAL

This report has been reviewed and is approved.

FOR THZ COMMANDING GENERAL:

207 Colonel, USAF
- Chief, Materials Laboratory
f / Directorate of Research
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PURPOSE:

l. To determine the effect of suspension line elongation
upon absorbing parachute impact forces.

2. To detlernmine which t/pe of line consiruction has the
greatest !mpact absorbing capacity.

3. To determine which suspension line material has the
greatest impact absorbine capacity.

FACTUAL DATA:

4. The static elongation tests show that the Group IV
nylon line has the highest percent elongation per unit
load.

5. The Group V (Formic Acjd Treated Line) has the high-
est elongation due to 1its ¢ombined unit elongation and
higher bdbreaking strength.

6. The Group I (Portisan lLine) had the lowest elongation.

7. The fGroup 111 (Nylon Line) had the third highest elon-
gation,

8. The gZreatest number of failures occurred in the ydroup
IV and Group 1 lines.

9. Group I1 line withstood the highest stresses of the
five groups tested without any fallures.

10, Group I1I line suffered but a single failure. This
was in a main seam of the canopy and was caused by a
line over.

11. Group V line suffered but a single fallure. This was
due to an inversion of the canopy upon, opening.

12. The sheek loads for the deployment bag 30 ft. canopy
launchinga were approximstely 30% of those for the conven-
tional 24 ft. canopy launchings.

13. Group 1V iine suffered a large number of fallures due
to friction burns at low shock loads.

14, Higher loads were registered on the canoples strung
with low eloagatiun line than on canopies strung with
high elongation line.

WADC TR 52-57 1
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CONCLUSIONS:

15. Nylon is superior to fortisan in shock absorbing
capacity.

16. The tubular webb line (Group II) registered the
1 highest forces of the five groups of line tested on
1 the whirling tower. (See Paragraph 17.)

; 17. Had 1t not been for numerous line bvreaks, the for-
1 tisan line (Group I) may have registered higher loads
than the nylon webb (Group II) during the 200 MPH tests
using the 24 ft. canopies. The breaking of these lines
reduced the snatch and opering forces. Note that the

] tensile strength of each fortisan line is 30 lbs. lese
3 than the nylon webb.

18. The Group IV (320 1bv. tensile strength) line suf-
fered the greatest number of failures in the area be-
tween the link and the skirt, particularly at lower

] loads on the 3Q f't. canopies. It is concluded that

: this line has insufficient body to resist failure from
friction burning under opening loads. Note the lower
number of this type of failure at higher loads with
the 24 ft. canopies.

19. The outward tumbling of the deployment bag dur-
ing the test tower drops with the 30 ft. canopies
placed one or more twists in some of the suspension
lines, thus creating a source for friction burns as
the lines stretched and straightened.

20. Variation in the porosity of the fabric between
drop tests was not sufficient to materially affect
the results of the investigation.

21. The magnitude of thc impact loads is inversely
related to the elongation of the suspension line.

22. The Group V and Group III lines exhibited high
capacity for absorbing impact loads and resisted
fa‘lure from stresses and friction burns. On the 1
ba:is of impact load absorbtion, Group V line is su-
perior.

nm Bl e Bt Vel i

23. The woven tubular construction is stronger than
the braided sleeve with core throad somstruction but
lacks the slongation of the latter.

WADC TR 52-57 2
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DISCUSLION OF RESULT3:

2%. The gathering of data from a series of personnel

canopy tests 1s apt to turn up some diverse, and pos-

3ibly contradictory results., Tihis investigation 13 no
: exception. Jduch a contradiction 1s found in the aver-
: . age openling shoclk loada for the Type I line from the
: 150 MPH tests with the 30 f't., canopies. This particu-
] lar test showsa Type I line to have the iowest record-
ed average load of the five types of line whereas, all
cther snatch and opening shock loads for this line .ere
hirhest of all lines for all three speeds with this
canopy. PFurthermore, the Type V line made the poorest
showing in respect to shock load &t thigs speed. A
gsearch throuyih the drop test records revealed that a
i possible cause was an above average shock load for Can-
3 opy Number 350250, strunis with Type V line. This high
shock load was caused by an inversion of the canopy dur-
i ing opening.

25. It was also noted that on many of the individual
tests where snatch force was high, the opening shock
was relatively low. Similarliy, where snatch force was
low, opening shock would be higher than average, indl-
cating that the kinetic energy of the dummy was reduced
by the combined action of the snaztch and opening forces.

26, Speeds at which parachutes were tested during this
investiyation exceeded tnose normally used for paratroop
drops. Consldering that the dynarnilc pressure varles as
the square of the speed, 1t can bc pointed out that the
opening forces at the lesser ball out speeds used by
paratrocps are protbtably low encugh to warrant the use

of the Type IV line.

27. A fair comparison between Type I (Fortisan sleeve
and core thread) and Type II (Nylon Webb) constructions
was difficult because two basic muterials were used. A
true test of construction should compare the performance
of two lines of simlilar elongation, the same material
and differing only 1in mechanical construction. The ny-
lon webb held up so well under one test in particular ;
(7500 1b. snatch load) that it rates high on strength !
alone. The fortisan failled at lesser loads because of '
lower elongation, lower tensile strength, or the 4if- ;
ference in construction. It 1s apparent that the 7.2% ’
difference in tenslle strength was not the main reason
for the large number of broken lines,

WADC TR 52-57 3 :




DISCUSSION OF RESULTS (CONT'D):

28. Deployment bag line stowage loops were badly torn
during the 200 MPH drop tests due to the rapid deploy-
ment of the lines. This als¢o caused some friction burns
on the lines.

RECOMMENDATIONS:

1. Investigate the extent to which "Opalwax" will make
the Type IV line resistant to friction burns.

2. The 30 ft. extended skirt canoples suffered a large
number of llne attachment fallures at the skirt. These
1ines d41d nét break but The stitching failed. The me-

thod of attaching lines to this shape canopy should be

investigated.

3. The flat webb line 13 better suilted to zlg-zag seving
than a round line. Investizste the relative strength of
the attachment of the two lines,.

L, 1Investigate the bralded coreless line construction
in fortisan and nylon with Trespect to elongation.

NADC TR 52-57 i
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MATERIALS TESTED

SECTION I - GENERAL

Gatata

1. OBJECT OPFP TESTS: The principle object of this

project was to delermine what effect suspension line

elongation has on the absorbtion of parachute im-

pact forces. A secondary obJect was to determine

_ what effect canopy shape and size had on impact loads

! when the canoples were equipped with these lines, .
. A third object was to study the effect of deployment

bags as related to suspension line performance and

reduction of impact loads.

2. USE OF TERM - "QROUP" vs., "TYPE": Hereafter, the
word "Uroup wlll be used in thls report instead of
the wor "Type". "Type" has beer. used in some of the
specifications to indicate different cords. Thus,
Group I, Group II, Group III, Qroup IV and Group V
will distingulsh the five kinds of cord teated on
this contract,

SECTION II - DESCRIPTION OF LINES

1. GROUP 1 - 420 LB, TENSILE STRENGTH FPORTISAN LINE:
This cord Is sTmiTar to Specllfcatlon 15142, Type 1T
except for its heavier construction and higher break-
ing strength. It is constructed with an outer cover
and an inner core,

Cover (Sleeve)

17.5 Picks/inch

40  Carrier Braider 3

Yarn 90/120 Fortisan H. T. 1/6
2.55/2.0%

Core

4 FEnds

Yarn 270/120 Fortisan H. T. 1/2/12
2.48/4.95/2.12

PR TR

This line had the lowest eiongation of the flve tested.

2. GROUP II - NYLON TUBULAR WEBBING, SIMILAR TO SPECI-
FICATION AN-W-10b (MIL-W-5525): This cord was .c only

one tested that had no core threads. It is of the wo-
ven construction as compared to bralded construction in
the other four lines.

WADC TR 52-57 6




MATERIALS TESTED

SECTION II - LESCRIPTICN OF LINES (CONT'D)

23 Warp Ends
Yarn 210/68 Nylon 1/8 15/1.98

24 Picks/inch Fill
Yarn 210/68 Nyion 1/4 125/2.18

3. GROUP III - 550 LB. TENSILE STRENGTH NYLON CORD:

Thls 13 prcbavly the best known of the suspension cords.
It 18 used in all aizes and types of canoples and is
somewhat ¢f a standard. It 13 fully described in Spec-
ification MIL-C-5040, Type III.

4, GROUP IV - 320 LB. TENSILE STRENGTH NYLON CORD: A

quantity of this cord was purchased by wright Fleld on

Purchase Order 33-097-49-821-E. It 1is constructed with
an outer cover and an inner core.

Cover (Sleeve)

2& Picks/inch
32 Carrier Bralder
Yarn 70/34% Nylon 1/2/3 12/20.25/13%

Core

i Ends
Yarn 210/34 Nylon 1/5/3.1Z/10.55/5.9Z

5. GROUP V - 550 LB, T.S. FORMIC ACID TREATED CORD:

This cord 1s the same as Group III except that 1t 1s
formic acld treated to give 55% ultimate elongation.

(a) The construction of this line is covered 1in
Specification MIL-C-5040 under Type III. The formic
acid treatment shrinks the line,

(v) The 700 yd. skeins of nylon shroud line were
treated in a solution of 30% formic acid at 150° F. for
15 minutes. The line was removed, washed four tines,
and remaining traces of formiec acid neutralized with
soda ash. The line was given a final rinse and allowed
to dry.

WADC TR 52-57 7
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MATERIALS TESTED

SECTTON YI - DESCRIPTION OF LINES (CONT'D)
Laboratory Test Results of Tieatment:

Rupture Elongation Picks/inch  Yds/1lb.

L Untreated 577 hog 26 84.2
' 30¢ Pormic * 591 #55.0 28.5 78.3
Acid @ 150°r *527 *51.0 28.5 7245
for 15 minutes®554 *52.0 26.0 78.0

* From Center
of (3) 3pools.

The above test results from Cheney Brothers Laboratories
cempared favorably with the line strength and elongation
obtained by Pioneer Parachute Company's investigations
shown in appendix 'B", Section IIl.

SECTION II1 - DESCRIPTION OF CANCPILES

1. 24 PT. DIAMETER STANDARD FLAT CANOPIES: Thirty (30)
24 foot dlameter cunoples were made to A.F. Drawing
X-49J7143 except six (6) canopieBd were strung with each
of the five groups of suspension cord. These cords ex-
terided from riser link to skirt, over canopy vent to op-
posite 3kirt, then to link on the opposite riser. The
canopies were made of 1.1 oz. nylon ripstop, Specifica-
tion MIL-C-7020, Type I. With the exception of the cord,
the canopies were of standard constructicn.

2. 30 PT. DIAMETER EXTENDED *SKIRT CANOPIES: Twenty
{20) canopies were made to A.F. Drawing X-49J7141 ex-
cept four (4) canopies were strung with each of the
five gZroups of suspension cord. These cords were
sewed to the skirt for approximately nine (9) inches
along the main seam and connected to the drop test i
riser links at the other end. Canoples wWere made of 3
1.1 oz. nylon ripstop, Specification MIL-C-7020, Type I. ‘

3. SERIAL NUMBERS: 1In order that the identification of
the canoples and the test lines might be easily retalned, .
it was decided to relate the last two digits of the ser- ﬁ
1al number with the size of canopy and cord group number ¥
as follows:

WADC TR 52-57 8
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MATERIALS TESTRD

SECTION III - DESCRIPTION OF CANOPIES (CONT'D)

SERIAL NUMBER
350201
02
0
3
05
06
gg
09
10

11
12

1k
15
16
18

19
20
2l

22
2k

25
26

2b

29
30

WADC ™ 52-57

24 PT. CANOPIES

SUSPENSION LINE GROUP

I
Portisan Line aimilar vo
Specification 16142-A,
breaking strength, 420
pounds ainimum.

I1I
wWoven tubular nylon line
450 lbs. minimum breaking
strength. Low elongation
type construction similar
to Specification AN-N-10b
Webb.

I11
Nylon Line, Specification
AN-C-63, Type IIl

1v
Nylon Line, 320 los. mini-
mum breaking strength, Sim-
ilar to material furnished
to Wright Fleld on P.O.
33-096-49-8B21K.

v
Nylon Line, Specificetion
AN-C-63, Type III, PForwis
acid treated to produce
appreximately 55% elonga-
tion.




MATERIALS TESTED

SECTION IIXI - DESCRIPTION OF CANOPIES (CONT'D)
30 FT. CANOP1gES

SERIAL NUMBER

350231

39
40

A1
42

4
N
45
46

4
4

49

WADC TR 52-57
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SUSFENSIO)N LINE GROUP °

I
Fortisan line simllar to-
Specification No, 16142-A,
breaking strength, 420
pounds minimum.

II
Woven tubular nylon line
450 1lbs. minimm breaking
strength. Low elongation
type construstion similar
to Specification AN-W-10d
webb.

IIX
Nylon Line, Specification
AN-C-63, Type II1I.

1v
Nylon Line, 320 1lbs., min-
imum breaking strength.
Similar to material fur-
nished to Wright Fleld
on P.0. 33-096-49-821E.

v
Nylon Line, Specification
AN-C-63, Type III. Formilc
acid treated to produce
approximately 55% elonga-
tion.

PP i dd ol




MATERIALS TESTED

SECTIUN IV - TYPES OF DEPLOYMENT

1. DROP TEST FROM SEAT TYPE PACK: The 24 ft. =tandard
canoples were packed into atandard A.N. seat type packs
modifled for test touwer use. The 3uspension lines were
tied te¢ four links held by twenty-seven inch drup test
cotton risers. Standard A.N. type piloti chutes were
used to pull the canoples out of the packa. The rip-
cords were adapted Lo the test tower dummy ripconrd con-
trol device, otherwise pinas and spacing were standard.

2. DROP TEST USING DEPLOYMENT BAG: The line elonga-
tion tests ofTered an opportunity to study the effect
of a deployment bag launching of the 20 ft. extended
skirt canoples as used in the XT-9 type parachutes,

The deployment bag deslign was retained but the shape
was changed to correspond with the test tower dummy.
The dep.oyment bag was held in a test tower pack fit-
ted with cover and ripcord. (See Rigure 4 , Page 215,
The bag was pulled from the pack by a twist ring pi-
lot chute 24 inches projected diameter. The pilot
chute was connected to the bag with a 1000 1b. ten-
sile strength bridle cord that extended through the
bag to the canopy vent lines. (Jee Plgures 5 and 7
Pages 216and 21v.) Twenty-seven inch drop test cot-
ton risers connected the suspension lines to the dummy.

Noteé that in a cornventional launching, the canopy 13
withdrawn from the pack bhefore the lines, whereas in

a deployment bag launching, the lines are withdrawn
fii-st followed by the canopy. The bag hclds the cano-
py until the lines are fully stretched, thus preventing
8 partial canopy opening before the lines are taut.

WADC TR 52-57 11
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Figure 1. Specimens of Tested Goods
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INDEX TO APPENDIX Il
STATIC LINE TESTS

SECIION PAGE

1. Purpose
2. Testing of High Elongation Cord

II - METHOD OF MEASURING LINE ELONGATION-«<-=-«-
1. Caliper Method

2. Effective Gage Length Method
3. Seguence of Testing

III - STATIC ELONGATION TEST RESULTS--==e-- ceemn

1. Charts
2. Elongation Rating of Line Groups
3. Graphs
IV - DISCUSSION OF RESULTS--cvcvwcecmccmmcanaca-n

1. Accuracy of Results
2. Parmanent Set Measurements
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STATIC [INE TESTS

CECTION I - QENERAL

1. FURPOSE: The static elongation teats were conducted
to measure the breaking astrengtha, elongation and perma-
nent set of the five arcups of lines.

2. TRESTING OF HIGH EIONGATION CORD: All static line ;
testd were made on the Scott Pendulum Type Tensile Tes- v '
| ter having a Jlaw separation speed of 12 s+ 2 inches per
: minute. (Uee Page 213, Figure 1.) This irachine was £
: aquipped with a standard leagth bed. A

It was found that only a five inch gage length, and six ]
inch Jaw separation sould be used on the high elongation '
cord and still break the cord before the jaws reached ?
their limit of travel. A similar limitation prevented

the continuous recording of high elongation on the auto-
graphic recorder. This was overcome by allowing the re-
corder to graph three or five inches of elongation and
quickly returming the platen to gero from where the
elongation recording was continued. (Jee Tensilgrams,
Pages 25 to 29.) The two parta were added to obtain

total elongation., The autographic recorder was selec-

ted for the measurement of elongation because it pro-
vided a permanent record convenient for future reference
and because it permitted easler reading of intermediate
points along the elongation curve. The use of the tensil-
srams made by the autographic recorder required that the
actual elongatlon ba calculated tu correct for jaw pene-
tration effect. (See Page 213, Flgure 2.)

The true elongation was measured on a flve inch gage
length using the Ciliper Method. Pigure 2, Page 213
shows the method of winding cord around the capstans

on the tensile tester. The true elongation for each
cord was established from these break tests and measur-
ing the elongation at the breaking point by the Callper
Method. This was followed by five tests on each group
of cord to establish the elongation at intermediate
points SO%, TOF and 9QO¥ of the treaking strength esta-
blished in the previous tests.

o
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STATIC LINE TESTS

: SECTION I1 - METHOD OF MEASURING LINE ELONGATION

1. CALIPER METHOD: A five inoh section is marked ofl
on the cord betweun the capatans of the testing machine.
A8 the tension 1s applied and the cord stretches, a pair
of calipers 18 used toc measure the distance between the '
marks. Thls method i3 considered the most accurate be- 1
cause the measurement ic made on a specif’'c length of :
cord that stretches uniformly. A aslight error, due to
separation of the flibers rather than elongation, may
take place when the cord reaches the breaking point. ]
This may be seen on the tensilgram made by the auto- ¥
graphic recorder. Measurement of elongation at inter-
mediate pointc is Alfficult and less accurate hecause
the testing machine cannot be stonped to make theae
measurements.

2. EFFECTIVE GAGE LENGTH METHCD: This method 1s fully
descr{hed {n a2 paper writter by W.J. Hamburger and E.R.
Kaswell, published in the November 1043 iassue of "RLYON
TEXTILE MCONTHLY'". A caleulation !s made using data from
the autograph recorder to ottain the elongation. This
calculatior tukes into account the law penetration of
cord wrapped around the capstans.

3. SEQUENCE OF TEGTING: The five groups of lines were
tested as Tollows:

(2) Three (3) break tests were made on each group
of lines to determine the average breaking strength and
average true elongation by the callper method.

(vr) PFive (5) static elongation tests were made on
each group of lines. The effective gage length method
was used to determine elongation "rom the tensilgrams.

(¢) The eloncation was measured at 50¢, 0% and
Q0% of the respective breaking strengths of each group
of lines from the autograph records.

(d) The "set” of each group of lines was measured

after
5 minutes + 30 seconds
1 hour 4+ 5 minutes
2% hours 4+ 1 hour
WADC TR 52-57 15




STATIC LINE TESTS

SECTION II1 - STATIC ELONGATION TEST RESULTS

1. CHARTS: The atatic line elongation test results
are tabulated on the charts Pages 18 to 22. The
charts show: -

a. Average breaking strength and true elonga-
tion,

b. ‘Effective Oage Length" elongation.

c. Permanent set. This measuremsnt i1s made
between original 5 inch gage marks 5 minutes, 1 hour
and 2% hours after test.

2. [ELONGATION RATING OF LINE GROUPS: The static elon-
gation teats show the 1ines to have the following per-
cent elongation:

BREAKING STRENGTH

GROUP NO. LBS. % ELONGATION
v 580 52.8
v Y 41.8%
III 586 39.3
I1 517 23.1
I hoy 8.7

*The Group IV lines exhibit elongation qualities
superior to all other groups through the static load
range O to 336 1bs. The Group V lines are rated second
highest in the range O to 336 1bs. and highest in the
static load range 336 to 580 lbs. (See Graph, Page 23.)

3. GRAPHS: The following graphs were made from the
data obtained from the static elongation tests:

a. % Elongation vs. Load - Pounds. (See Page 23.)

b. (Permanent Set) Percent Elongation vs. Time -
Kours. (See Page 2k.)

¢. Tensilgrams. The tensilgrams of the B.G.L.
teats for each “ype of line appear on Pages 25 to 29.

WADC TR 52-57 16
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STATIC LINE TESTS

SECTION IV - DISCUSSION OF RESULTS

l. ACCURACY OF RESULTS: The percentage of error be-
tween the calliper and E.G.L. method was found by divi-
ding the difference between the percent elongation of
the two methods by the true elongation of the caliper
method. Thias error was less than 104, amounting to an
error of 3/64 inches in & caliper reading. This is good
accuracy considering that the reading 1s taken in mo-
tion Jjust at the rupture point of the line.

2. PERMANENT SET MEASUREMENTS: The permanent set could
not be measured 30 + 5 seconds after the elongation test
as this 4Aid not allow enough time to return the tensile
tester to no load, remove and measure the cord, Instead,
the cord was measured 5 minutes 3 30 seconds after the
tests. The recovery was rapid during the first hour and
slow thereafter., The purpose of this measurement was to
determine 1f a parachute that was used two or more times
within an hour would still retain sufficient elongation
in the lines to reduce shock loads. Actu:lly, the lines
recover much faster after drop tests because the loads
are not as high and last only a few seconds as compared
to 90% of rated strength loading on the machine and las-
ting 30 seconds or more.

WADC TR H2-57 17
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1

Sample #1 450

#1__5.50 -5 {n,«_ 50 1n,

, LINE ELONOATION TESTS _ -
| Similar to
i Speciman Group I - Fortisan wNom{nal T.3. 420 gpeo. l6142-A ‘ '
h i ‘
‘ ; CALIPER METHOD
3 ]
| Break Strength Tests in Lbs. Trua Elongation ¢ 100% Br. Str, *
{
|

e 477 #2 5.44 .5 {n,: <44 1n,
] ; § 3 485 #3 5.50 -8 qn,= 50 1qn.

___464 lbs. O Aver, Br. Str.

418 1lbs. @ 904 of Aver.
Br. Str. .48

EFFECTIVE GAGE LENOTH METHOD

True Elong., AL _ 239
ASe Y ° 5

Aver. True Elong.
(] 100’ BI‘. Str.ﬂ ’48 1nu

x 100 = 9.6%
True Elongation

x 100:7.8 % @ 90%

? of Br, Str. |
- - S —— » {
| E.G.L. _l:aSe . 35X 2:58 : g3 3
.1 ! 5,44 | ,44! 2,50 Y i i
P2 5.28 .38| 2.60 ' Rlong. by E.G.L.__aSo_ _2.58 y 100- 7.8%
i b B R S Method E.G.v. 3.1 '
o 3 5.38 .38 z.soJ .
Loy oo o pmTpe— = Elong. @ 100% by E.G,L.= 7.8:18,7%
i 4 5.58 038' 2.50 L]
e e s -—ﬂ*-n-—r-»«—--—*»——» e et
5 fs.ze .38 2,80
SRS WA S Sty
'L Average T .39 | 2,58
Sample 504 70% 904 Permanent Set After
No. 650 Klong. ASe Elong. aSo Elong. 5 min., 1 hr., 84 hrs.
- - T .- R Y R AR A : -
1 _Jg_._qglv_s_,g‘ 2.30 | 6.9 a.so[ 7.6 | 5.25 | 5.85 | 9.85 |
2 lpos| 6.2 l2.35 7.1 2,600 7.9 | 5,25 5,19 |59 |
3 J.os| 5.9 |2.25| 6.8 |2.50] 7.6 | 5.285 | 5,85 | 5,19 i
4 k,oo| 6.0 |2.30| 6.9 |2.50] 7,6 | 5.26 [5.19 |5.19
® .ol 6.9 |2.60| 7.9 |2.80] 8,5 [ 5,256 9,28 | ;
Averdp os| 6.2 |2.36 | 7.1 [2.58] 7.8 j 5.25 | 5.23 ’ 5.20 '

* REffeotive Gage lLength t
Date:___ October 9, 1950 &

L.D.

e m——— i = —
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LINE ELONGATION TESTS _

Group II Similar to
Speciman 'oven Tubular Mominal T.S.__450 Spec. AN=W=-10b Webb,.

CALIPER METHOD

Break Strength Tests in Lbs. True Elongation ¢ 100% Br. Str.
tample #1 515 #1 6.19 =5 in.r 1l.19 in,
42 515 #2_€.21 -5 in.=_1.21 in,
# a 520 #3 6.31 -5 in.=__1.31 1n,
517 1bs., @ Aver. Br. Str, Aver. True Elong.
465 1bs, @ 90% of Aver. ¢ 100? EB'; Str.- -2 _in.
— "3r. str. —=§— x 100 = 25.4%

5 True Elongation
EFFECTIVE GAGE LENGTH METHOD

@ _90% g_rwargﬁs Strength _ True Elong. oL _ 1.04 - % @ 90%
Fest | L+aAL | AL i AScﬂ Y - % x 100 200\5131'. Str.
No. ;
. T o L '-T H~-MJ} 'E-G.Lc L'ASO N 5 X 5.86 = 28.17
I | la.oe 1051575< % 1.04
2 L 6.00 .1 00 ! 5.75 . Blong. by E.G.L._ ASo_ _ 5.86 N
O Dt B Method  “FiB.L7gBiTp X 1007 20.8%
-3 | 5,06 (1.06  5.75 . 20.8 = 23.11
7 } - p 1o Elong. @ 100% by E.G.L.= .8 = 23,11
4 | 6.06 1.066.30 1 9
P e - - n. «1
8 \ 6.00 il. oo 5 75 :
b i ,_]
| Average 1. 04 Il Se 86_]
Semple 509‘ 70% 904 Permanent Set After

No. aS56 kKlong. ASeo Elong. aSe  Elong. 5 min. 1 hr. 24 hrs.

10,1 575 20.4 | 5,51 | 5.zs | 5.28

i 3 4.50| 16.0 |5.15 18.2 |5.75! 20.4 | 5.31 | 5.25 | 5.19
BT Ao L B e B i i Wi
| I

4 lq,85 17.2 |5.55 19,7 eaoL 22.4 | 5.38 !5.25

20.4 || 5.28 |s5.25 | 5

= N JEEIEICCL AN BRpp P oo iz

} o —— ——
5 [4 40T. 15,6 |5.10 | 18.1 |5.75]
*\"1‘- 4. ..)ISJ 16.1 |5.20 | 18.5 b.aaT

* REffeastive Gage Length

Date' October9 1950 L.D.

WADC TR 52-57 19
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_ LINE ELORGATION TESTS

frem—— o~ - ——— e o ¥ o o+ s ——— [V

r
|
| spectman_Group IIX Nylon Line Nominsl T.S._ 550 Speo. AN-C-62 Type IIY
|
| CALIMER METHOD

i

e Y ERR AR TR TS T ST T

Break 3trength Tests in Lbs, True Elongation : 100% Br. Str, |
Sample #1590 #l 7.13 -5 in.r 2.13 in,
’8 565 #2 7‘00 -5 1no= 2'00 ino
| #3_604 e #3_7.31 ~5 in.s_2.31 1n.
586 1lbs. O Aver. Br. 3tr. Aver. True Elong. i
—_— @ 100% Br. Str.s 2.15 in, '
527 1bs. @ 90% of Aver. o !
- Br. Str. 2215 x 100 = 43.% |
True Elongation i
! EFFECTIVE GAGE LENGTH METHOD !
]
0 90% of B True Elong. ol _ .-B—L"" x 100:35.4 4 0 90%
Teat L+al | al ASaJ ) A of Br. Str, i
No. N
| ' *B.G.L. _L:aSe S5 X 9.64 . 5p, '
B! 6.75 |1.75 9.55J = = =Yy T 278 '
g | 6.75 |1.75| 9.0 | Elong. by E.G.L._ aSo _2:64 . |
| 4 L thoa  EEYEr.ga 1007 35.4%
) 3 6.81 1.81: 9.70 ‘ a5.4
i } Elons. @ 1004 by E.G.L.:= 22432 = 39,
3 6.75 |1.75! 9.55
: L Average 1.77 | 9.64 i
. Semple 504 0% 904 FPermanent Set After
. No. A50 Klong. ASe Elong. ASe Elong. 5 min. 1 hr. &4 hrs,
: T —— '"""—17’ fmemm T me—s Anteanieniing sl * ‘I ]‘
1 |

7.,05| 25.9 |8.35 | 20,7 2,55 | 85.1 | 5.75 | 5.50 | 5.50
7.20 | 26.4 8,50 | 31.2 8,60 | 35,3 | 5,75 5,56 | 5.50

7.20| 26.4 | 8.50 31.2}9.70 35,6 | 5.75 | 5.63 |5.56 __

2
3
+ 3| 7.0 |s.65 | 51.8 580 | 36.0 | 5.75 | 5.5 |5.50
5

10! 26,1 18.45 85,1 1 5.81 =4=g%5&¥‘=15' |

. | AveTep.18| 26.4 |8.49 | 31.2b.64 | 35.4 || 5.76 | 5.56 | 5.52

* Effective Gage length
Date; October 9, 1950 sv. .. Ls D,
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| an mmmmon TESTS

l CALIPER M
Break Strength Tests in Lbas.
Sample #1__ 528

f2 <30

# 3 240

—————

oD

226 1bs., O Aver. Br. Str.

202 1lbs, @ 904 of Aver.
Br, Str.

—ommmmemoms— = gImilar to material’

Speoiman Group IV Nylon Line Nominal T.S.

i it e

furnished Virirht
320 SPOQ. }:‘1316 On

P.0., 32-096-49-821E

True Rlongation 0 100% Br. Str. |

#1_7,22 =5 in.=_2,32 in,

#2_7.13 -5 in.=_2.12 in. |
#3 7.25 _g qp,= £+25 gy,

t
Aver, True Klong. !
@ 100% Br, Str.z 2.22 {n.

2.2 y 100 = 44.6%
< True tlonpcetion

! EFFRECTIVE GAGE LENGTH METHOD

a 90% gz_gxgsf_§4x%na:n__ True Klong. zsL . 1:885 100=27.8 % 0 90%
Test L+al | ALl AS0 of Br, Str.
No.
l *E.G.L. _L-aSo . 5% 9.19 . 04,44
- 6.88 1.88 8.90| Elong. by E.G.L.__aSe _ E%‘%%’ x 100 = 27.6%
y*thOd .JQG. t‘- .
3 6.88 1.88 9.00 .
i Blong. € 100% by E.G.L.= 2736 = 41,89
| | 6.86 | 1.88 B8.95 ne v =& = 4l.eh
|8 6.88 | 1.88 9.20
l
| Average 1.88 9.19
| Sample s0% 70% 90% Permanent Set After
i No. ASe Klong. A4So Elong. aSe Elong. 5 min. 1 hr. 84 hrs. | ¢
1 v |7.50 20.7 | 8.70| 25.6 '9.00| 40.5 | 5.88 |5.69 | 5.56 |
) i : F
3 Ll 8 6.60l 27.0 | 7.80| 21.9 |8.90| T6.4 | 5.88 |5.69 | 5.56
i | 3 16,70 27.4 7.80| 31.9 [9.00| 36.8 | 5.88 |5.69 5,50 %
§ 4 6.70 e7.4 | 7.80| =1.0 |8.95| 36.6 | 5.88 |5.75 | 5.56 E
| | 8 5| a2 z 5 5.7 5, | '
E eRUD 6.90 88.2 8.0\, u&og 9.20 7064:.83 5 56 _J\ “
1 SCHED Aver.i gg =28.1 g.0z| =2.8 [9.19| 27.6 | 5.88 |5.71 5.55_ | {
. SALES s e 3
INSP. i g
ENG * Erfeotive Gage Length \ !
Date: October 9, 1950 . L.D, | i
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~LINE ELONGATION TESTS

. a8 et s .+ ————— —— —

Group V, Nylon Line
Speoiman Formic Acid Treated Nominal T.S.

s - a—————

CALIPRR METHOD
Break Strength Teata in Lbda,

Sample #1 575
f2 585
§ 3 580

5508pec.

Similar to
MIL-C-5040

[

True Elongation 0 100% Br. Str.

580 1bs. @ Aver. Br. Str.

522 1lbs. O 904 of Aver.,

Br.

gtr.

#1 7.69 .85 {n.« .69
'z 7.69 -5 in.: 2.69
#3 7.75 -5 1n.3 2.75

Aver. True Elong.
o 100’ Bro strt‘ 8'2_1__111.

28.71 x 100 = 54.2%
True Elongation

EFFECTIVIE GAGE LENGTH oD

in.
in.

in.

!

r%;—g% Ty firquety ., True Blong. _%L:ggpg * 100=47.%8 gr? gg:. !
1 7.44 |2.44 | 12.30 "0 1. gde - 23552 - 2500 %
2 7.19 |2.19 | 12.00 Klong, aztgag.L.: fs? E %%f%% x 100 = 47,6% |
3 7.44 [2.44112.80 _ _ an.e
" . 2.381712.10 Blong. @ 1004 by E.G,L. -fi‘ =5g2.0%

8 7.44 |{2.44 | 12,40
Average 2,38 | 12,32
Sample 50% 70% 90% Permanent Set After
No. ASo Klong. ASO- ’_Blong. aSo _r_‘g‘:lon‘g. 5 min. 1 hr., 84 hrs.
1l 9.40 36.3 10.95T 42.3 T1a.sc 47,5 | 6.19 | 5,94 | 5,81
8 9.10 35.2 |10.60| 40.9 [18.0Q 46.3 | 6.25 |5.88 |5,75
3 9.90 38.3 [11.45| 44.2 [12.8Q0 49.4 | 6.85 |5.94 |5,75
F_t_ 9.1 35.5 |10.,70| 41.8 [12,1Q 46.7 | 6,75 [5.88 |5.69
| 5 l9.40 z6.3 |10.95 43&%4
*"r-ﬂs.se 36.3 [10.93| 42.2 {18.34 47.8 | 6.34 |5.91 [5.75
¢ Effeative Gage Length

WAIG TR 52-57
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POROSITY

SECTION I - GENERAL

0 1. SIONIPICANCE OF POROSITY: The permeability of the
fabric has conélderable efTect on the opening time and
opening shoock forces of a parachute. Its action 18 two
fold, a high poresity increases the opening time, thus
reducing opening shock by distributing it over a longer
period of time; it also reduces opening shock directly
by permitting more air to escape through the fabric.

In this investigation, porosity of the fabric was care-
fully checked to find any changes that would be of suf-
ficient magnitude to appreclably affect canopy loads.

SECTION II - POROSITY MEASUREMENTS

i 1. POROSITY MACHINE: All porosity measurements were
[ made on the Frazier Air Porosity Tester, an orifice-

type flowmeter. (See Pigure 3, Page 214 .) Pressure
differential across the orifice 1s converted to por-
oaity reading by the use of calibration charts. (See
Bibliography, Page 223, No. 2.

2. SEQUENCE OF MEASUREMENT: During the fabrication

; of the canoples, tThe material underwent sufficient man:
ipulation to stabilize the porosity. Hence, there was
11ttle variation in porosity due to subsequent hand-
ling. After fabrication, porosity measurements were
taken on all canopiles. On the 24 ft. canopies, poro-
sity measurements were taken on all panels of each
gore with the exception of the top panels. The top
width of the panel was too small to fit over the fa-
bric orifice. Porosity measurements were taken on all
panels of each gore of the 30 ft. canopiles.

Porosity measurements were taken after each tower test
of the 24 f£t. and 30 ft. parachutes. After the 100
MPH test, porosity was measured on all panels of each
gore of the 24 ft. ocanopies with the exception of the
top panels. All panels of each gore on the 30 ft, cano-
ples were measured for porosity after the 100 MPH tests.
After the 150 MPH tests, random porosity measurements
were taken on the 24 ft. and 30 ft. canopies. After
. the 200 MPH tests, all panels of each gore on the 24 ft,
canoplies were measured for porosity,with the exception
of the top panels. Random porosity measurements were
taken on the 30 ft. canopies after the 200 MPH tests,.
For porosity measurements at the various launching
speeds, see the poresity charts, Pages 34 to 188.

-
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POROSITY

SECTION II - POROSITY MEASUREMENTS (CONT'D)

3. HUMIDITY: The effects of humidity on the results
of porosity measurements were considered and, where-
ever possible, measurements were taken at times when
there was but small deviatica from the 1deal condi-
tion; 65% relative humidity and a temperature of 70°F
being recommended as the 1deal condition for the tak-
ing of porosity measurements.

T TR T TN TR YT T T e

4. AVERAGE POROSITY AND VARIATIONS OF POROSITY: The

avorg e porosity ol the 2% ft. canoples was 98.88

L (re. 5m1n.)/ft. for the entire range of launching

! apeeds. The ayerage poroaity for the 30 ft. canoples

] was 90.46 (ft.3/min.)/ft.< for the entire range ol
launching speeds. The maximum variation of the 2%

‘ ft. oanoples oyer the entire range of launching speeds

3 was 15.30 (ft.3/min.)/ft.2, while Sor the 30 ft. cean-

] opies the variation was 2i.13 (ft.°/min.)/ft.<.

5. EPFECTS OFP POROSITY ON RESULTS: It wes found that
the vVarfatlon in porosity was not of sufficlent mag-
nitude to materially affect the resulta of the inves-
tigation.

TABLE 1
EFFECT OF POROSITY ON GPENING SHOCK*®*

For the porosity range, 86.0 to 110.0 (ft.3/mtn.)/
£t.2, the following table gives the proportional increase
in opening shock per unit deorease in porosity at the de-
signated launching speeds.

- i L e MIRRER RN e
v i - . .
gt o e - >

Launching Speed A\ opening Shock
MPH 1bs. i
100 3.33 f ‘i
150 6.66 ug
200 11.05 : ﬂ

*See Bidliography, Page 223 , No. §.
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POROSITY

A )

: SECTION II - POROSITY MEASUREMENTS (CONT'D)

£ Referring to Appendix "D", Page 207, , Tabla V , the
average opening shock of Groups III and IV are equal
(550 1bs.} The variation in porosity is 1.85 units.
From Table 1 , Appendix "C", Opening Shock at 100
MPH 1s 3.33 1bs., hence, (Group JII must be decreased
by the amount (1.85 x 3.33 = 6.161 1bs.). This would
make the Oroup 11I opening shock equal to /(550 -
6.161 = 543,839 1bs. or Si4 ibs.). Group III in this
case would be rated asuperior to Group IV in shock ab-
sorbing capacity. In all other cases, the effect of
porosity on the opening shock bears out the tabulated
ratings, thus, necessitating no corrections.

SECTION IXI - CKaRIS

1. POROSITY CHARTS BEFORE AND AFTER TESTS: All por-

osity measurements taken are recorded on the porosity

charts for the 24 ft, and 30 ft. canoplea. (See Pages
34 to 188.). '

2. AVERAGE POROSITIES BY LINE GROUPS: Average poro-
sities for each group at the various launching speeds
> appgas on the charts in Appendix "p", Pages 194 to 203,

3.
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWEK TESTS
SERIAL NO. 35020/_ _ _ __
TEMP._75_ °F
HUMID 56 %
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/ﬁa 6 N3 | /3.4
/; '/ -
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS |
SERIAL NO. 350202
¢ TEMP. 8/ _*F
HUMID_ 56 %
K, ]
5;
: 9
; J
!
: 3
j ;
AVERAGE POROSITY: 9 7.2 oaTE__€/26/50
WADC TR 5257 _ 35 BY___4.2




— Pl ik R BT e e ™
PP ’

STV RN TR RO T A s RS e

POROSITY MEASUREMENTS

24 GORE CANOPY

BEFORE TOWER TESTS

-

TEMP. 75 _°F
HUMID. 65 %

AVERAGE POROSITY: 93§
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POROSITY MEASUREMENTS

24 GORE CANOPY

——

BEFORE TOWER TESTS

SERIAL NO. 350204

TEMP._ 75 °F

HUMID._67 %
70 73

AVENAGE POROSITY: $90.4

WADC ™R B2-5]
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POROSITY MEASUREMENTS 24 GORE CANOPY REFORE TOWER TESTS
SERIAL NO. S80205

e e We — e W e W

TEMP._&/_°F .
| HUMID _70 %
70/0 == 2 (Y]
Lwes \ - 0.7
3 Satd e e 'l/‘ 4 “/
.6 /5.2 \ 89.4 | S0.0| %.8 9.7
\3
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= » . 90.4
L_ 1098\,
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; \ 172.5 %
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_——-""'/ \ %
87/ ’ ’
104 .9\ } /70.0 /

770 / ‘ Ysc :
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979 / ) AT |
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
»
A/LRAGE POROSITY: /O/, 3 DATE éﬁSﬁ'{a
WADC TR 52-57 39 8y
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| POROSITY MEASUREMENTS 24 GORE CANOPY

REFORE TOWER TESTS

mmnand

SERIAL NC. 350207

TEMP._ 73 °F

HUMIO 65 °/n
6/%

2.6 \/MN.6 \lio.7? |//6.1
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POROSITY MEASUREMENTS

N

24 GORE CANOPY BEFOKE TOVENR TEST3

SERIAL NO. Jwe2g_

TEMP._79_°F
HUMID _6/ %

e, b e R v

AJERAGE POROSITY: &0.6

WADC R 52-57

» DATE
W’ »Y —%ﬁ
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POROSITY MEASUREMENTS

24 GORE CANOPY

e
BEFORE TOWER TESTS

SERIAL NO. 350209

TR N Wt wh w W e we W

TEMP._76_°F
HUMID _67 9%,

- e o=

st e

AVERAGE POROSITY: 9/. O

DG DATE__&/ 20450
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS |
SERIAL NO. Jo0i70_
. TEMP._ 73 °F

HUMID 635 %

(2

02531062\ 1107\

/28. ¢ 9.8/ s2.41/3.6 /88 \ 93.7

¥ ® /09.8

~ ' lﬁ
g /08.0 ~{ B937° 4
Rk, i

ﬁ' 24 / i"
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AVERAGE FOROSITY: /O0Z.4 oATe_£/.20/50 ‘
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POROSITY MEASUREMENTS

24 GORE CANOPY

BEFORE _TOWER TESTS

SERIAL NO. 3502/

TEMP. _ eo_‘ °F
HUMID _6_5-_' '_/.o

ALRAGY POROSITY: /O, 0
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POROSITY MEASUREMENTS

24 GORE CANOPY

BEFORE TOWER TE3T8 |

TEMP._ 30 *f
HUMID _ 65 %

62 %

AVERAGL POROSITY!

SERIAL NO. tv02/2

98.6

TIPS S

DATE 2
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POROSITY MEASUREMENTS

24 GORE CANOPY

-

—
BEFORE TOWER TESTS

SERIAL NO. 3502/3

- s s G e ap A o

TEMP._50_°F
HUMID._62 %

e

/044 8.2

-] P

90.
90.9 ¢

AYERAGL POROSITY .

WNADC T 52-R]
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POROSITY MEASUREMENTS

24 GORE CANOPY

s

BEFOHRE TOWER TESTS

TEMP._/9_°F
HUMID. 64 %
52 %

AVERAGE POROSITY: 92.0

|_¥ADC TR R2.57
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PORQSITY MEASUREMENTS
SERIAL NO, J502/5

24 GORE CANOPY

e

TEMP._&0_°F
HUMID._52_ %

l

122.4
)
93.7 {26.8
X 79
75.8 /08.0
/02. 8
R
/109.8 4.9 9¢.7
& /00.7 P /08..9/
//8.8
" lo/. 8

AVERAGE PONOSITY: /JO/. &

JODC TR 5251

6.2

4“ l S2.6 [/06.2 |52
3

— e wm e e wm W e we

£
9.8 | /79

™~

/92,6 189.9\ 2.6\

K. 4

83.4

I
%.7 Q_‘b

BEFOYE TOWER TESTS
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
SERIAL NO. J50%4&
TEMP. 50 °F
: HUMID. 57 %
E
E
:
E « ’ ‘
5 {
1
A/ERAGE POROSITY: ///.O oate _7//9/50
WADC R 52-57 4g )
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POROSITY MEASUREMENTS

24 GORE CANOPY

q

—

BEFORE TOVER TESTS

TEMP._72 °F
HUMID 66 %

A/LRAGE POROSITY: 92.6
WADC TR 52.57
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POROSITY MEASUREMENTS 24
SERIAL NO. J/8

. TEMP._ /2 °F
HUMID _o5 %

GORE CANOPY BEFORE_TOWER TESTS

T EWR PR Emae T e

[ X3
é 65/.,

A/LRAGE POROSITY: R, 0

DATE Zz._z 56
WADC TR 52-97 o) 8y
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A/ERAGE POROSITY: 94 8

MADC TR 52-H7

J2.6 \&7./

s .
,/
; i
9.5 \/W.Q /04, .%.7 a49.3

DATE 2 2]

POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOVWER TESTS
SERIAL NO. Ss02/9
TEMP.__Zé_ °F
HUM'D._ i{Zo
68 7, — 21 T
W /07./ S85.8 | 847
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24 GORE CANOPY BEFORE TOYER TESTS

POROSITY MEASUREMENTS
SERIAL NO. .2509220Q

- En wm e e mn D o

2 TEMP._ 75 °F
| HUMID._ 67 %

RN o

" i

904 [&597 |99.8 71 89.4 \ 94.7 &32.5 {
19,7 D 2

3

\\\ \ 4'///
//4. 3 !/os.z WC.7 o 25
~ ! M

g Renoticie 3 s yvimend

AJERAGE POROSITY: 92, O oave A 2l/SG
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POROSITY MEASUREMENTS 24 GORE CANOPY

P——_——

BEFORE TOWER TEAQTS

SERIAL NO. JSo22/

TEMP._ 72_°F
HUMID. 63 %
£7%

ct

8535 ) 824 4k \ 35.9

/00.7

¥ /08.9

A/LRAGE POROSITY: 987/

WA TR 52-57 H
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POROSITY MEASUREMENTS 24 GORE CANUPY BEFORE TOWER TESTS
SER'AL NO. _;“‘_i_“_)_“'_ :_ ———

i TEMP._ /7 °F

HUMID /7 %

¢ - vy we e

E

t

¥

3

AJERAGE POROSITY: JO&: 7 DATE //5¢0
ey ‘ij

WADG TR 52~57 55




POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS | '

i TEMP._76_°F
' HUMID €5 %

A/tRAGt POROSITY: 96.72 DATE 7/ 0
NADC TR 52.57 % py__ f?ﬁ
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TEATS
L' SERIAL NO. _52'28;2_4-_ —
- TEMP._ /5 °F
HUMID _¢5 %
3 [ ]

AJLRAGE POROSITY: ///. & DATE zngé‘T (e}
m m %57 i 'Y o [
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g | POROSITY MEASUREMENTS 24 GORE GANOPY BLFOKE TOWEN TESTS
SERIAL NO. 350228 D
\ TEMP,_ 76 °F ;
: HUMID 6_4_7_.
"
$7.9
¥
/ o
E Ve /(253
:I : - ‘N"“--..A )
/02,7
E\ ’ 100.7
; - ]'//29
Al D
/’(“7(9..9 \\\
S
/ ’ -
/816 43
v, / | \ /
NI/S.2 [ /e % /os.e? VAR \/06 2\ 14 J
- D ;,"’4 '
\\ ’;/’
)
. 1
¥
|
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POROSITY MEASUREMENTS 24 GORE CANCKY  BRFORE TONER TESTS _
SERIAL NO. .00
. TEMP._ /3 *F
HUMID /%
- (4 ]
, I &4 AI3.7 11089 T
L 176 o 105, 33
) &
95.7] \wl6 \84.7 | 96.8] 958 /r02.5\ / 00.7
" 979
70.8\77.6 |114.3 /et 6
///O‘ /
70823
ok 979 S
.} 883 ) 989 .82
78.8 /
Iy /03.5
/7.9 .
/6.1 87/ .9
108,9/100.7\/¢5.3 87,/
M. 7
. Y
5.2 \/a3.5 ZrY
IR d
X /0% 4 p 947
X S X ///
o e s /08,8 N\
U -
A/LRAGEL POROSITY: 97 3 onc._ﬁ%ﬂ..
LADO TR 52.57 % e —
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS |

- e e em ww e e

TEMP. _&Q :F s

HUMID _E_Zo
65 % 7

£ 97.9

. S
&4.7
9.5 \ §3.8 \82.¢ \833 | 979
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5 88.3

&5,

!

A/LRAGL POROSITY: 9347/ NT!__;%L&
WADC TR H2-61 60 o -
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS
b SERIAL NO. 350228

-n v e e T M e e

: TEMP._78_°F

: HUMID _65 %

: T q
‘044 | 123,

/00,7\35.8\/00.7| 92.6//6.7

A/tRAGE POROSITY' JOV, 2 DATE zgag"_{a
| wape 18 5257 & £.2
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PORUSITY MEASUREMENTS

24 GORE CANOPY

BEFORT TOWER TESTS

o e cwn - e "

TEMP._ 78 °F
HUMID &5 %

-~ —

627,

708, o
&S - 92.6

35.9\ g

A/LRAGL POROSITY: &9,/
[ WADC TR 52-R7
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POROSITY MEASUREMENTS 24 GORE CANOPY BEFORE TOWER TESTS

TEMP._ 80 o »
HUMID 6 %

o,

A/ERAGE POROSITY: 93,5 DATE _ Z[ 26/50
WADC TR 52-51 63 ov___ LD
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POROSITY MEASUREMENTS

30 GORE_CANOPY BEPORE 30O M,P.H, YRST |

TEMP._'16 :F

HUMID _64 %
6\ %

8l1.2
/100. '7/’/16.4

098 | 93.7

103.8 \76.8

AvERAGE POROSITY 89.2

WADC TR he-57

‘84,7

9. 1GO. 7
7.6 10.7
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WHIRLING TOWER TESTS

OECTION I - GENERAL

e s s———
+r eream—g——————

1. WHIRLING TOWER: '"his tesating device 1is desoribed
in Memorandum Reporta EXIP-M-54-0/0-30A1 and ENG-M-S4- )
670-44H titled "PARACHUTE TEST TOWER'. 1In operatlion,
1t whirls a steel dummy fitted with a Lindquiat-Ryan
tensiometer around in a 20C ft. diameter circle. The :
parachute 13 mounted ln a pack on the dummy from which . 3
it may bs released at the operator's will. It is cap-
able of acoelerating a 250 1b, load to speeds above
200 MpH. The canopy risers are connected to a sliding
menber that is attached to one end of the tensiometer i
8o thut any f.rce on the risers will be recorded on tne
. Tilm of the tenalometer. 4000 lb. and 10,000 1b. springs
| are used Iin the tensiometer. The tensiometer was recal-
ibrated exach time the springs were changed.

SECTION II - METHOD OF TESTING

1. GSEQUENCE OF TEST OPERATIONS: The chutes were at-
tached to the tower Jdummy (oée Figure 4, Page 21%.)
and were than rotated until the desiznated launching
speed was reached. The rip cord was pulled at a pre- N
determined instant so that the chuta opened at the
peoper position with respect to wind veloocity and dir-
ection, speed of dummy and ideal point of observation.
After the chute had opened ard had brought the dummy
to rest, the elongation of the lines was measured and
recorded. Any bdbroken lines, canopy damages or general
malfunctions were recorded and the chute then folded
and brought tc the plant for complete inspection. The
tensiometer film was then remcved from the tenslome-
ter and the film data recorded. Pertinent data, such
as wind direction and velocity, barometric pressure,
temperature and relative humidity were also recorded.

3 The canoples and lines were carefully 1nspected after
' each test to determine the czuse and extent of damage.

SECTION III - TEST RESULTS

1. DROP TEST DATA: The information gathered during the
whirling tower tests is listed and summerized on the
drop test reports, Pages 194 to 203, Such factors as
wind velocity, direction, ecs., of minor imporltance in
the I'inal analysis of the tests have been purposely
omitted.
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WHIRLING TOWER TELTJ

SECTION TII - TEST RESULTS (CONT'D)

2. BVALUATICN OF DATA: The principal conalderations

{n studying the datn were tieir affect un the perforw-
ance of the line. The vrelation of these data to type
of cancopy and deployment were secondary but highly in-
formutive. 7The most important data from the project
were the shock loads registered for each canopy opening.

These loads may be used directly tuv evaluate a line's
ability to absorlt impact forcea. The statio line test
results were compared to the droeop test results and a
diract relationship was noted. 1n cases where a cCano-
py suffered several line attachment fallures, the re-
corded luads were counted and used in the final results,
The lines, of courie, were not counted as fallures be-
cause strength of line esceeded atrength of attuchment.
Other tests in which the llnes did break, and thus lim-
ited the v ening Lo u load leas than average, were coun-
ted becauvase they were typical of the naximum loada the
lines would stand. Porosity effect is explained in
Appendix 'C".

3. PERMANENT O MEACUREMENTS: The permanent set mea-
surements made alter each Lowsr taest were used to deter-
mine the recovery rate of the various lines. No exact
period of time was set for these measurementsa. ‘They
were meausured as soon as posslible after the dummy was
brought to rest after the canopy opening. These mea-
surements were an !ndication of the stress pliaced on the
lines., It was found that the lines recovered almost
100X by the time they were repacked for re-use. fOraph,
Page 211, shows ¥ elongation remalning immediately af-
ter drop.

4. EVALUATION OF LINE BREAKS: This portion of the pro-
Ject required carelul analysis because many of the lines
weie broken or badly damagsd from causes other than a4ai-
rect stress or friction burning. 1n other instances,
examination of lines that pulled away fronr the skirt of
the canopy showed no signs of fallure In the line it-
self. In order to evaluate the lines falirly, only those
fajlures due to the following appear on Tables VIII and
1X.

a. Lines droken due to high stress.

b. Lines broken from frietion dburnc.

¢. Lines broken due to combined friction burms and
stress.
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WHIRLING TOWER TESTS
SECTICN III - TEST RESULTS (CONT'D)

Lines broken at the link tie-on knot vwere presumed bro-
‘ ken due to atress alone. Note that the knot reduces
E the strength of the line by 15¢ to 25%.

{ Lines broken at the zkirt reinforcements were generally
due to high stress. There is somotimes a 3light weak-
ening of the line at thig point due to zig-zag sewing.

] Lines broken bdetween link and skirt were examined for
burrs to determine whether ocsuse of fallure was sitress
or frietion,

—

SECTION IV - DISCUSSION OF TOWER TESTS

1. PURPOSHE OF TESTING TWO SIZES OP CANOPIES: At the ‘
time this proJect was belng planned, 1t was estimated |
that the loads from 200 MPH tesats would not be high
enough to stress the lines to their full strength, us-

] ing 30 ft. extended skirt ocanopies. Therefore, the

3 24 ft. canopies that are known to produce high opening
loadas were selected for the larger portion of the tests.
The 30 ft. canopies were used to study the performance
of deployment bag openings and to collect information

E on the Type T-Q canopy.

"

Y

2. TEST TOWER DUMMY: The tests called for a dummy

weight of 2390 1bs. but by the time the tensiometer and

fittings were installed, it waa 250 1lbs. The outermost
10 ft. of the flying wires bring the total weight of

r the load to approximately 200 lbs. When this weight

13 launched at 200 MPH, it imposes a load on the 2% ft.

canopies tnat 1is close to their ultimaute stren,th.

Soon after the first few teats, the weights on the dum-

my were shifted to tie forward position of the dummy

to sain better flying atablility.

3. DEPLOYMENT BAG PERFORMANCE: The deployment bag 1is
used on the Type T-9 parachute to hold the 30 ft. exten-
ded skirt canopy. Its purpose is to contain the canopy
until all of the lines are paid out, thus preventing pre-
mature opening of the canopy. In operation, this system
has some disadvantages. The bulk of the canopy 1s con-
fined In a bag of relatively small dimensions. Thls bag
can twist or tumble more than a canopy would, thus plac-
ins twists in the suspension lines.

The llnes are withdrawn from the stowage loops very ra-
pldly, oftimes tearing the loops. The loops were ap-
proximately 5 inches long, thus creating a source for
burns due to friction. These faults are associated with
the high speed launcnings far more than with low apeeds.
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WHIRLING TOWER TESTS

SECTION 1V - DISCUSSION OF TOWER TESTS (CONT'D)

The twists in the lines may have contributed to slowing
the openings of the canopies, thus aiding in the reduc-
tion of loads for this type of deployment.

4, REPEATED TESTS: In such cases where the tensiome-
ter record was not clear, the loads were obviously out
of line due to known causes, such as abnormally alow
or fast openings, a test would be repeated. Precau-
tions were taken to keep these repeat tests to a min-
imumn., 1In the majority of the teésts, one canopy with
each type of line would be tested in its order so that
atmospheric conditions would not vary too much between
the different line groups. Unfortunately, the results
of each day's testing had to be analysed before 1t was
known whether a repeat test was needed. Approximately
Er 41 repeat tests were made.

{ S. MISC. PACTORS INFLUENCING FINAL RESULTS: The aver-
' age of Tour or silx tests will usually give an indica-

] tion of the performance of a cancopy. To establish a
more accurate rating of the performance, a minimum of
ten or twelve tests should be made. One of the factors
that must be considered is the effect of broken lines

on the canopy loads. When lines are broken, air is
spilled on the side of the canopy where these llines have
failed to furnish support. Th2 spllled air preventa

the load from building up to normal.

The exact instant at which the line broke is very im-
portant, It is evident that if the break occurs due
to higzh snatch force, the canopy will not reglazster a
high opening shock. The same reasoning applies if the
line breaks while the opening shock peak 1s being ap- ;
proached, |
|

Listed below are some causes for abnormal snatch force 3
or opening shock loads: ¥

a. Line-over the canopy openings.

b. Inverted canopy openings.

¢c. Slow pilot chute action. !

d. Pilot chute area too small or troo large for the L
size of the canopy.

e. Line attachment falilure.

f. Torn canopy panel.

R
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OROP TEST RECORD

2% FT RIP-STOP FABRIC CANOPIES
SPEED 'O0OM.P.H,

SUSPENSION LINE GROUP NO. 1

N -
PARACHUTE DATA ;i TENSIOMETER  DATA WEATHER  DATA

SERIAL NO. pco.:coz’:;v ?332"&%5 g;?::':-cms 3&‘:"-':& DATE | TEMP :5%:73.'?’5 pRESS

| 350201 110.9 1650 | 1300 1.76 ll10/2/50! 78 49 | 29.50
Q2 | 97.2 2&15__.__15&_#. 82 b5 | 29,48 |
[ 03 | |_1400 ¥7_[l10 67 30 | 29,04
| o4 | 904 Jl 1800 | 1600 | 1.k 10/31/50 56 56 | 29.16
05 | 106.1 || 2525 1850 1.55 [110/31/5¢0 58 56 | 29.16
.06 | 10 2050 2 62 b5 29,14 °
AVERAJE | . 1986 1617 1.%5 || __ 1

SPEED I150M P H.
PARACHUTE DATA‘}] TENSIOMETER _ DATA WEATHER  DATA

SEmaL 0. | ponogiry Lironce-ues|onocn cos st sec | OATE | Tewe [RECATIVE L oaR.
| 350201 h7850 | 2725 1.08 AJ;eaagﬁt 25 | 18 | 29.12
02 109.0 3525 3000 1.0€ [l12/18/59 30 30 29.00

03 94 .4 5175 | 3250 | 1,10 [12/18/50 32 31 | 08.98

| 2260 | 1.%0 ls/4/51 | 50 30 | 28,96 |

2725 | 1.18 12/18/5?_35; 35 | 28.96 |

_ 2625 | 0.83 [ 1 38 15 29.32

%092 | 2598 | 1.11

SPEED 200M.PH.

PPARACHUTE DATA || TENSIOMETER DATA& WEATHER  DATA

SERIAL WO Pconn"oosﬁ;v :g:ch:“ g:ﬁ?:‘fas. gr:c“::c DETE | TEMP :5::071'7‘;[ PBR::.S

___35020] 4660 | 1,00 __52 28 | 28.92 i

02 5000 8320 | 1.10 [4/10/51| 67 25 | 27.80 k

03 6320 | 4320 92 | 28 | 28,92 | ﬁ

oY 4660 62 | 25 | oB.BE K

s | 2000 y 58 20 | 28.84 |;

. 8 20 8.84 *,

06 5000 | 1.40 [5/4/51 | 5 2 \ |

g AVERZ.GE 35;57 hor7 | 1.06 |

¥ | WADC TR 52-57 104 \ ;
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DROP TEST RECORD
SUSPENSION LINE GROUP NO 11 2% FT RIP-STOP FABRIC CANOPIES
SPEED 1OOM P H

AN PPl vol AR SISl 0~ E e e LR K TR, LN o S 5 BB A TR IR VIR A . el o B Bl [}
PA’MCHUTL ()ATA TFNb‘OMtTEP DATA _ WEATHER DATA

- M- - SN B
canopy’ GWNATOH Torening™ JoreEning .
BOROSITY %Il)ll(( (S| S mock 1S [TINE 8L 70“" ”"'

- ——d

Q/2/5Q ! . 78 4.9 1.29.59
0/2/50). .82 | %5 | 29.M8.
0/8/50] 83 M| 29.00
0/31/59 56 | 56 | 29.16
~58 1 56 .1 29.16..

b RIAL NO Tariavive wan J

uum(nvv PGy

»--350292_”.,, L9T. | 850 | 12590 | 2.48.
b QB B80.6_ 1 2875 ; 2365 .| 1.38..

L ..99. 1 . 91.¢ {1600 - 2135 | A3
[ —AQ | 20.% [l 2265 | 1%00 [ 1.80
Al 1.209.0. 1 22451 1600 | 1,62
t:::::.'::::i&: =t 9 §:"~§- o - o ax;.s* % 2 11.3,9-“ E—-:A—‘sg- -
. AVERAGE | 96.5 || 1920 | 1782 | 1.55

SPEED ISO0MPH

e - —

e

PARACHUTG T bata I TENSIOMETER oATAE WEATHER  DATA

e e

S | S A e e
TCAROPY SNAT(H G NING ]ou_mm. [ ATIVE AR
STRIAL NO | ponosiTy Afroncr iesloxocn cos M sec [| OATE ] TEME Juguipiny | ercss |

»,»359297_-.,1“,.,.97,9_.44,.5399..“. . 2600 | 1.42 <:12/18/5<r_.,.. 25 | M. | 2932
b .. .08 .| 83.8 ] 3100 | 2600 | 1.18. pz/.twm 30 | 30 | 29.00 .

~-.99 | 91,5 | 3250 | 2725 | 1.06 [02/18/59 32 | 31 | 28.98
... 102.% Il ¥62% | 3000 | 1.0% '1/50) 66 | . --_ | 29.36
L 11| 110.1 *{% 4320 . 26830 | 1.20 [N/A/51 | A8 | 37 | 28,90

— e ey

12 1. 99.1 | 5325 | 3500 | 0.97 [2/12/51| 38 55 | 29,18
AvBmaE | 97.3 | 4320 | 2ers [ 25’

té SPELD "OOM PH.

E S A A A ot ety _w“:: T m— S et R L L LT e T Tee S oo . !

F PARACHUTE DATA TENSIOMETER DATA WEATHER DATA ;
T TTTCANORY T IISNATCEN TTOPENING TORPENTNG T L T LTI TRFUATIVEY CRaART ] i
».-.ff.:i:i.:(_)__i_,fi"ﬁ‘Z:'." [fORCE LBYSHOCK IBSITIME SEC | _0‘ ir . :.( MP fHUMICITY 1 PR SS ;

|..3s0207 | |l 7500 | 4660 | 0,80 [/e7/51| 58 | 28 | 29.52
..o | [ weeo | ss00 | 0.90 [sr0/51] 67 | 25 |e7.80 b
, | %320 | 5000 | 1.10 [4/27/51) 59 | 26 | 29.50_]
.10 |10 25 | 2g%0 | 0,62 [0/26/51| 29 | 2 | 26,94 |
| 11 6000 5000 1.00 1] 59 26 29.50 |

12 6660 | 5320 | 1.10 [A/27/51] 60 25 | 29.50

E_MBBAQL__ 4955 0,92
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m%mm
OROP TEST RECORD

SUSPENSION LINE GROUP NO. 1IIX 2% FT RIP-STOP FABRIC CANOFIES
SEEED 100M. P,
E PARACHUTE DATA || TENSIOMETER  DATA WEATHFR  DATA
g’ i pononI 1Y [IFoRce Las|swock-Laal e sec | 0ATe | rews [RELEINY S _."g‘z:?. .
; 350213 1620 - 19 NS | 25.%C |
: | 13 1350 A2 i 29,46 |
t 1% 2215 82 | My | 29,84
16 1550 58 56 | 29,16
17 1600 | | 60 | 55 | 2016 |
| 18 1200 6 8 | 29.1%
; AVERAGE 1608 | 1.59 b
;
' SPEED ISOMPH,
PARACHUTE  DATA J;TE—NSIOMETER DATA | WEATHER  DATA
4 semau N0 | ponoyiry JlroRce ces|sncen con Tt sec | OATE | tewe |t Ny prESS
i 350213 | 96.% !l 3350 | 3200 | 0.9% b2 | 52 129,16 |
i a8 | 9l.3 Qe300 12600 | 1 30 129,00
.25 . 1101.6 %200 | 272% | 1.d 30 32 128,98 |
: 16 | | 2625 | O 51 38 __55.__T&1&
a7 | Q0 13200 | 0.90 Si4 39 | 52 120,18 ;
—— ‘ d2 L .52 12026 i
AVERAGE 96.9 2558 3000 ©.93 f;
SPEED 200M.PH, ’
PARACHUTE DATA | TENSIOMETER DATA | WEATHER  DATA L
i3
| SERaL wo P%AaNoosﬁ:v :::E:r‘l_a ::53&1‘}&?:’::-‘:& DATE | TEMR :S;oAuTolvvvc w:;_:_s ]
350213 i 4160 | 4820 | 0.95 B/28/51 | 60 30 | 29.50
14 3130 2500 0.90 | 4/10/51] 67 25 27.80 ;
13 | 3660 | 0.90 |n/ef/s) 62 | 22 120,47 | |
17 5630 | 1.10 |l4/28/51] 64 21 29,44 | o
18 5000 | 1.10 [4/28/51] 6% | 21 | z9.4k
‘ AVERAGE ' 8335 | 0.93
| WA B 52.57 166,

B At st st b e p i WA
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DROP TEST RECORD

24 FT. RIP-STOP FABRIC CANOFIES
SPEED vOOM PN

SUSPENSION LINE GRQUP NOIV

SPEED 200M.PH

| PANACHUTE OATA | TENSIOMETER _ DATA]  WEATHER  DATA |
| e ‘9’87:;77?_4 TITRYS g%ff.';ﬁuﬁ‘f"':;’c oare | 7 ewe J.@ﬁ%'& _rurss
| [ssoms | 9n.e J anes | 1500 | 1,39 liosessol 82 | ax_| ag.ne ]
| .20 1 97.0 || 1800 | 2575 | 1.%0 [10/2/50| 63 My “gigﬁﬂm«
21| 951} 1050 | 1800 | 1 |82 | &% | 29,44
@21 2OM7 U 2950 | 3750 | 1,87 [10/2)/5 56 ! 56| 29.16 |
|23 |.96.2 || 2215 | 1600 | 1.3 [10/3i/59. m+‘..*55_.1.~ 29.16 ]
| ____ 2% 111.§t13_cg 1250 | .72 [10/31/5 45 ~;.gg.zuq
_AVERAGE | 99.9 | A707 | _1.83.3“ 1.8 _...Jl e ]
SPEED I1I50M P H.
EfmﬁACHUTiN DATA || TENSIOMETER  DATA | WEATNER “oata
| S N“‘TP;:"O(;T:Y Yomce LRs s':.f);:l“(hus_ri_({;_é;';g; batt | Tewe 1:5.5.7:\'335 P::‘:jw«
..350219 | 96.0 || 2625 | 3350 | 1.0 |[1/26/51| 29 | 2 | 28.9% |
gq*. 96,9 || 3350 | 3250 | 1.0 j12/2/50] M2 | 52 | 29.16
_..w_m_--J 6.1 | 3100 | 3675 | 1.08 12/18/5¢ 30 | 32 | 28.98
|22 | 105.8 | w00 | 3800 | 1.0 Jusr/so] e6 | | 29.36
e 230 94,5 | 2210 | 3200 | 0,8% 2/32/51| ! 1 29.16
Bl QD2a6 U 2500 1 3200 | 3,02, 32 .29:18
AVERAGE | 100.2 | 2868 | 3413 | o.99 |

¥ PARACHUTE DATA;HTENSIOMETER DATAr WEATHER DATA
DI IS A R RN IEYSTN T (P I
| ..350219 5000 | MG20 1 0.8Q [5/5/51 1 62 | 2% | 20,84
............. 20 . %000 | 1.10 [4/10/511 .65 .1 2% | __21_.8H
21 | A66Q | 0,80 Is/7/51 | 66 g6 | 28,78
| 2% | | 3950 | 0.57 [1/26/51] 29 ¥2_ | 26,94
| 23 4500 | 1.00 |%/1/51 63 26 | 26.78
24 5160 1.10 8/51 62 42 28.92
AVERAQE 2515 0,88
WADC TR K2-67 192
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| SUSPENSION LINE 3ROLP NO 24 FT. RIP-STOP FABRIC CANOPIES
"PEED 100M PH

'PARA(,Hurr Dara rmswerm DATA WEATHER DATA ‘

1 QNOFY k[ Mf ‘»—‘OPfN Nq QPCNING I |

’ SENTALNG ) punasITY lFORCE R[S 1HOCK (BS[TIME SEC TEMP Luminiry | oewre .
e e e g e ROSITY I (AS]DUOCK LBY1INE SE ) .
t

(350224 | ¢B8.6 .1 2250 ! 2350 | 1.8 671 . 30 2,«.04 ;
.26 ] 97.3 || 2250 | 1750 | 1.39 [10/332/59 67 .| 30 | 29.04. ‘

. .R1_loe5.) LS00 | oidoe | 1.43 [Bo/31/s¢ 68 [ .26 |.29.0%. j
28 1101.2 I 900 | 16%0 | 1.5G {10/31/5Q S8 | 56 | 29. 16_ g
1 -,53..1~ 1290 lg_o‘o-ﬁlv_ﬁo.- 0/31/.5 *._6&-. .9 | 299.16
3¢ 93.5 || 2365 | 1900 1,47 Fg_@;{s 63 4% _|.29.12 |

L )

P 1‘”&&‘!\} . !“ln\N

AVERAGE | 95.8 [ 1412 [ 1675 | 1.50
SPEED 150M P H

PARACHUTE “DATA || TENSIOMETER  DATA || ‘thrHER DATA
e e — R | U -
LAN )P" ‘\NA’\H llfN|NG OilNlNG " ' R
TN i o o el TSI RIS AR08 B

| __mzza-_ﬁ_ga‘a__, _3eoo ..... . 2159_-#-.._1‘14,- 2/18/5¢ -zﬁ,._ﬁ 2,. 4.29.08
| 26 | gB.9 Ul 2450 | e300 | 1.10 MN2/18/5G. 4..31 .} 28.98
|97 | 94,6 |l %500 | 3000 | 1.1¢ [D2728/59 32 | 30 | 28,98
28 1100,) Il 4260 | 3000 | 1,30 J5/5/51 .62 .1 .25 | 28.8% |
| _B7.% 1 2210 | 3050 | 0.72. l_/AR/51] W% | 49 _| 29.18

WONINS. |+ . . 1Y B lL L. 8773 {.& AY 39 12920 .
AVERAGE | 95.6 | 3362 | 2713 | 1.06

T

e e, e e e

iy pitiliicade

[P RUSI U RN VRN GNP SN

SPE&D 200MPH.

[t w_ pafinboubusien - Ny rImIT= S I TSI U TTITLS I

PARACHUTE DATA TENSIOMETER DATA WEATHE“? OA'IA

CANOFRY J[sNATcH "TOFEN NG JOPYNING
POROS?"T\ N!‘OHC!' LRYSHACK LS YM‘F“SECr )

] 26658 . 36601

hhhhhh 26 | 1 3390 | 3820

| er | joss00 | 5000 |
.28 | 98.6 | 600 | Acéa

26 3820 | 1665
K I A5Q0 |

l AVERAGR n173 | 3868

DATE TEMP

.72 | .18 | 28.95

1| 52 | @8 | 2€.92 |
473 | AT | 28,95 |

13 14 28.92 |
2 1% 27 R
73 Mo | 28.92

it Sfehiorivnigndolpts

RTLAT VL narR
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SECTION V

DROP TEST RECORD

SUSPENSION LINE GROUP NO. 1

30 FT. RIP-STOP FABRIC CANOPIES
SPEED IO.P.H.

B i S NREULY NI R ovsrgren

e e ——————— ~ S o L —
PARACHUTE DATA |l TENSIOMETER  DATA ! WEATHER  DATA
SERIAL NO. Pco‘:oos';:vJFg:Tc?-‘ LBS. g:%'g:ias ?&‘e'f'?é’c. DATE | TEMP 35573.'¥ ¥ p%'éﬁs.
350231 89.2 550 700 53 51 29.29
32 93.8 700 650 58 86 | 29.28
33 450 500 | 53 A8
KL 100.7 275 500 54 LY 29,28
93.7;& Aoh 613 | 3.12 |
SPEED 150 M.P H.
PARACHUTE DATA | TENSIOMETER DATA | WEATHER  DATA
SERAL N | ponosity [|roace Les swock Ls |Time-sc. || OATE | veme [FULATNG r:z;s
350231 88,9 110C 800 3.0 /26/51| 57 34 29.0
32 93.4 1000 900 2.5 l; 55 26 28,84
33 9.3 1100 875 8 29 b4 29.58 |
3% | 99.0 800 | 85¢ | 2.7 [/23/51| 35 25 | 29.09
AVERAGE 93. 90%}: 1000 856 2.75 "
SPEED 200M.PH.
==
PARACHUTE DATA || TENSIOMETER  DATA WEATHER  DATA
SERIAL NO P%AR~oosF:;v :::Tc?w ::ggv:t‘fes.gr::-l:ccc DATE | TEMP :5;?01‘7\;'5 Pz;:s
| 350231 86.3 || 1900 | 1500 | 3.6 6/51 | 32 52 | 29,54 |
32 | 2250 | 1.6 8 56 31 |
33 | 1850 | 2,0 [BA6/51] A5 50 | 28.8
34 1350 | 2.0 ‘P@B[ﬁl 63 23 | 29.31
_uag__zj
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DROP TEST RECORD
30 FT. RIP-STOP FABRIGC CANOPIES

SUSPENSION LINE GROUP NO. II

j SPEED 100M.P N,
4 | SR -

ir PARACHUTE DATA || TENSIOMETER  DATA WEATHER  DATA )
5 SERIAL NO rcc:nno(:;v :::I:ct'-‘us ::g::l: -.us g.:.t[m:: c DATE | Tewmr :f:h?;: " PR ss »

| |_3%023% 89.6 225 500 | 3.1 fla/20/51| 3% 73 |29.3

: 36 ! 65 | 3.1 3/51) %% 86 129,28 |

53 | 48 129,28

37 r__JQQ_

* 38 91.6 300 700 | 3.0

h AVERAGE |91.07 204 588 | 3.25 || R

SPEED IS50MPH

2/13/51 5S4 87 129.28

1 = = == T +1
PARACHUTE DATA || TENSIOMETER  DATA WEATHER  DATA

} STRIAL NO r%;%%::v :::I:ct'-‘\.u ::;'C“INLGOl ?7::.:&: DATE | TEMP :E:Lnt;’a“ p:::§
| 350235 1000 57 34|29

: 36 1400 55 26 |28.8%

: a7 9%0 29 | M4 |29.58

] 318 800 ___.32._..4_.._3.1...__29.:9.,5._—4

;- P .
t;mmg 1038 | T

e ——
PARACHUTE DATA

CANGPY
BERIAL MO | ohpoeity

| 380235
36
A7

WEATHER DATA
RELATIVE] BAR

TENSIOMETER DATA

SNATCH OPENING JOPENING
FORCE LB SHOCK LAS|YTIME -3EC DATL TEMP HUMIDITY PRFSS |

1400 1800 | 2.85 1..32 1 52 129.5% |
1750 | 1.7 28/51! 56 | 31 [29.37 | i

| 1200 [ 2,9 | k3 28,8
1550 | 1.9 28/51] 63 | 20 |29.27

1575 | 2.2%
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SECTION V L L
DROP TEST RECORD
SUSPENSION LINE GROUP NO. III 30 FT RIP-STOP FABRIC CANOPIES
SPEED |00 M.P.H.
== =
PARACHUTE DATA TENSIOMETER DATA_ - WEATKER —DATA
| semano [ ooy [[ronce cas[Swock Laslrme sec | ot [ reme TXUNT] 4,
350239 | 91.% 225 500 | 3,0 35 y('] |
| k0 | 92,8 205 | 600 | 3.2 [l2/13/51 53 N7 129,28 |
N) 81,0 20% 550 | 3,2 | 53 38 129,28
42 86.3 225 550 | 3.3 }2/13/51 5% | 47 |29.28 |
; |__AVERAGE 89.37 225 5606 | 3.17 “
1

SPEED ISOMPH

PLRACHUTE  DATA F‘ENSIOMETEﬁ OATA ||  WEATHER  DATA

CANOPY [[SNATCH (OPFNING JOPENING - RELATIVE BAR
SERIAL NO | ponosiTY [lForce Las|sHock Lot | riME ucj% OATE | TEMP lyymioity] press
| 350239 1102, 0 850 | 2.6 [l2/26/51] 57 | 3% |29

| % | 89,1 700 | 900 | 2.9 [@/27/5) 55 . 26 {20.8% |
L5 83.1 £00 675 | 3.4 {13/3/53; 31 L]
42 86. 750 | 1650 | 2,5 l2/23/51] 32 31 29.06

‘-Avxm\ox 90.151 700 | 1019 2.85:{ j

SPEED 200M.PH.

m it -

PARACHUTE DATA TENSIOMETER UATA WE ATHER DATA
CANOPY [ISNATCH JOPENING [OPENING RELATIVE] BAR

___""“ NO PLOROSHV FORCE-L8YSHOCK -LAS|TIME -SEC OATE | TEMP | smoiry | Ppress

1900 | 1, 39 o
1950 | 1550 | 2.0 28/51 56 30 |25.37
1100 | 1450 | 2. 6/51 M1 8z |[28.8

1900 | 1600 | 2.0 8 62 19 [29.07

| 350239 | ©6.8

1613 1625 | 2.02




SECTION V

DROP TEST RECORD
SUSPENSION LINE GROUP NO. IV 30 FT. RIP-STOP FABRIC CANOPIES
SPEED I0OOMPH.
PARACHUTE WEATHER  DATA
SERIAL NO. ré::ool'::v Eg:::ct'?us g:?::':-. L8| %':at:"-‘::c DATE | Teme :5::;::5 PRreS
350243 300 550 3.0 13/51| 53 51 29.29
1 215 %50 | 2.9 35 70 | 29,32
A5 50 50 | 3.3 L1 A7 | 29.28
M | 82,0 375 650 | 2.9 54 8 | 29.30
[ AVERAQE | 87.52 || 1375 550 | 3.02 )
SPEED 1SOM.PH.
PARACHUTE  DATA TTENSIOMETER T DATA || WEATHER  DATA
SERIAL NO QCOAI':}OS‘::Y :::::c('-‘us 2:5:.'('-‘5“ 2?::.:& DATE | TEMP ﬁﬁb‘.ﬁ'ﬁﬁ 9:::1
350283 2.5 26/51]| 59 36 29
L B 8 55 26 28,84
A5 3,9 3/3/51 | A by | 29,58
46 Rl 32 | 31 | 29,00 |
bm__elajr 163 96% | 2.T7 H
SPEED 200M.PH.
Fz== y— - <
PARACHUTE DATA | TENSIOMETER  DATA WEATHER  DATA
R ) R.
SERIAL NO. r?»:‘oos':;v a:::::t'm 3:5:.:1““.37::-':&. DATE | TEWMP N:l:;n‘.(:;"rvvE P:::ss
| 350243 | 1570 | _57 21 | 29.%
AN 1550 72 13/28/51{ 56 28 | 29.36 |
— A5 1550 3/16/51) 47 43 28.8
€2 19 _29.27 |
AVERAGE 1580
02

e e e " ¥
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OROP TEST RECORD

SUSPENSION LINE GRCOUP NO v 30 F1. RIP-STOP FABRIC CANOPIES
SPEED 100M.P H
=€ _Sms ey
. PARACHUTE  DATA " TENSIOMETER  DATA WEATHER  DATA
; SERIAL NO wcuAnno%T:v FORCE. LBS|amocn A Aty A Teme [abuioiry | swres
. 350247 83.0 175 500 | 3.1 55 M6 | 29.28
f A8 | 89,9 § 275 | 500 | 3.5 53 | 48 | 29,28
i 49 | 101.7 175 700 | 3.0 58 A7 | 29.28.
50 | 96.3 175 375 |._3, 36 72 | 29.32
: .___AyxnaggJ___9g415jt:;;15_m__42u14L“34;. L
SPEED ISOMPH.
€ TIT =T ek
PARACHUTE  DATA || TENSIOMETER oAriﬂT WEATHER  DATA
semaL w0 | ponosiry j;:;?.Li;-‘m; Snocw s | vt sec || OATE | vews [TELATNC T 28l
; | —350247 | 83.2 700 900 | 2.4 26/51] 59 36 29
; ‘ 48 88.1 || 750 1100 2.1 #}/2/51 53 5% 28.95
: b9 98.7 600 | 9% | 3.2 }i3/3/51 | 36 38 | 29.5 |
; |— 50 | .08.8 |, 395 | 1400 | 2.% J2/23/51] 34 32 | 29.08
1 e PR _.' ————f — _.._J
RVEIAGE | 93.70] 611 | 1085 | 2,52 ﬁ_

SPEED 200M.PH.

ek

PARACHUTE DATA HTENSIOMETER DATA ” WEATHER DATA L
DATE

CANCP. [[SNATCA JOPENING |OPENING RELATIVE BAR

PORCSIYY FO—!(:E; I BYISHOCK - LBS|TIME-SEC TEME HUMIDITY PRFSS
350047 82.4

1200 r_1680 2.6 |13/6/%51 52 19 | 29.38 |

R,y

SERIAL NO.

. e W

Al 1t s Bt m 3

A8 1250 1450 2.1 56 28 29.36
89 | 98.6 ! 1200 | 1900 |_47 | %3 | 28.8 i
50 oA 1350 | 15%0

62 | 19 i

—

YADC TR 52.57 203
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5 TP g A W

TP LYY Lt SRR

24 PT. CANOPIES
TESTS AT 100 M,P.H.

TABLE II
LINE GROUP NO.
Aver. Snatch Force
Aver. Open. Shook
Aver. Porosity

Aver. Opan. Shock

TABLE III

LINE QROUF NO.
Aver. Snatch Force
Aver. Open. Shock
Aver. Porosity

Aver. Open. Time

TABLE 1V
LINE GROUP NO.
Avar. Snatch Force
Aver. Open. Shock
Aver. Porosity

Aver. Cpen. Time

X I
1986 1620
S

Qa7 1182
95.9  96.5
1.55 1,55

(CJBest
C:)Socond Best

wWorst

133 SEED ¢ AN
1716
1813 1675
97.1  99.9 95.8
1.59 1.8 1.0

TESTS AT 150 M.P.H.

1 1z
4092 4320
2598] 2676

100.3 97.3
1.11  1.15

111 v v
12558] (25e4) 3362
300C 3413

96.9 100.2 95.6
0.93 0.9y 1.0%

TESTS AT 200 M.P.H.

1 II
5357 5771
22
90.3 102.1
1.06 0.92

IT1 Iv v
wu78 @»
4335 4515

110.9 101.8 sB.6
0.93 0.88 1.25%

LINE EVALUATION TABLES BASED ON IMPACT LOADS

WDC T 52-57

ALl

2ok

Yof- 7 AR oo 100 NPT * T s - I




T e

CJBest
(Csecund Best

—torst

30 FT. CANOPIFS

TABIE V

LINE CROUP NO.
Aver. Snatch Porce
Aver. Open. Shock
Aver, Porosity

Aver. Open. Time

TABLE VI
LINE GROUP NO.
Aver. Snatch Force
Aver. Open. Shook
Aver. Porosity

Aver. Open. Time

TABLE VII

LINE GROUP NO.
Aver. Snatch Porce
Aver. Open. Shock
Aver. Porosity

Aver. Open. Time

WAIC TR 5257

R .
PO TN |

86.30

*See Appendix "C", Page 33

TESTS AT 100 M.P.R.

1 1I IIr v v
kov 294 22%) 315 [OT9
s %8 GX 50 (13

93.75 91.07 89.37 871.52 92.73
3.12  3.25 3.17 3.02 3.17

TEST3 AT 150 M.P.H,

I 11 II1 IV v
00 8715 763 [
1038 1019 (G64) 1085
93.90 97.83 90.15 87.52 93.70

2.75 2.80 2.85 2.77 2.52

TESTS AT 200 M.P.H.

I 11 III IV v
1763 1475 1613 Q250
1738 [579 1625 1645

87.5 87.25 86.95 91.80
2,05 2.2% 2.02  1.65 2.3\

LINE EVALUATION TABLES BASED ON IMPACT LOADS




F_).l
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‘ 1.IN®? BREAKAGE DUE TC UPANINC FORCES aANL LEPICYNMZNT ACTICN ONLY

" -

"A" - Broken at iini Knot "G - Lrowen at Jalat
*B" - Broken between Xnci "0" - Drokern In S.aopy
and Swlri
TABLE
losation of Line Breakage
24 Ct. Canopies AlL Speeds
GROUP NO. "\" "a" *c" "p* TOTAL
I 18 o o o 18
11 o 0 0 0 0
I o o 0 1
Iv 7 6 1 o 2%
v 0 0 0 o e
: TOTAL 35 6 b | 1 A3
| -
Losation of Line Breakage
3C £t Canopies All Speeds
GROU? NO, """ »" "e" "p" TOTAL
b ¢ 0 o 0 o 0
IX 0 o 0 6
II1 0 o o 0 0
Iv o @5 3 0 28 '
v 0 © A o 1
TOTAL 0 25 5 o 29

WADC TR 52-57 06 l
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Frazier Air Porosity Tester in Use

Figure 16.
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DEFINITION OF TERMS

SNATCH FORCE:- The force imposed upon the subject load
by the parachute to accelerate the mass of the parachute
from its final velocity at line stretch (or snatch) to
the velocity of the subject load.

OPENING SHOCK:- The force imposed on the subject load,
a briefl instant before the full opening of the canopy,
dus to the retarding effect of the mass of air entrap-
peG in the canopy.

OPENING TIME: - The elapsed time from the instant the
pilot chute emerges from the pack until the skirt of
the canopy 1s fully open.

FRICTION BURNS:~ The fusing of the f'ibers due to the

heat generated when materials are brought into a quick
forceful contact or when f{riction takes place.
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